Abstract:
INTRODUCTION
Prevalence rates of lifetime experience of drinking alcohol among male and female adolescent students in 2015 were 46.3% and 34.9%, respectively [1] . The proportion of male students drinking has been similar over the past 3 years while that of female students drinking has tended to decrease. Drinking rate in male students (20.0%) remains higher than that in female students (13.1%) [1] . While fewer adolescents are drinking, alcohol abuse and drinkingbehavior problems are increasing [2] . The consumption of alcohol by adolescents is associated with social problems such as maladjustment at school, assaults, theft, and use of medicines that negatively affect physical and cognitive development. This is now recognized as a family and social problem rather than being restricted to an individual [3] . Adolescents are more vulnerable than adults to drinking because they are in a stage of physical growth and physiological development. Alcohol has adverse effects on kidneys, weight growth, and overall health of adolescents due to nutritional imbalance. In addition, it damages organs such as the liver and induces gastrointestinal disorders [2] . It also has negative effects on obesity, metabolic syndrome, hypertension, diabetes, and cardiovascular disease [4] .
A previous study has followed up subjects from childhood to adulthood and measured their systolic blood pressure (SBP) and diastolic blood pressure (DBP) [5] . The study found that SBP and DBP showed positive correlations between childhood and early adulthood (with correlation coefficients of 0.53 and 0.45, respectively) [5] . Another study found similar positive correlations of SBP and DBP between adolescence and adulthood [6] . Thus, it is important to identify and prevent risk factors during childhood and adolescence, reduce the prevalence of hypertension in adulthood, and reduce complications caused by hypertension. Body mass index (BMI) can be used as a measure of obesity. It is closely related to metabolic syndrome, a serious social problem associated with an increased risk of all-cause mortality, including mortality due to cardiovascular diseases [7] . More than two-thirds of deaths related to high BMI were due to cardiovascular disease [8] . Moreover, the risk of coronary artery disease increases linearly with BMI [9] . However, studies on hypertension and BMI have mainly focused on adults and elderly people. Few studies have investigated adolescents due to the small number of subjects which makes it necessary to use data that represent the entire population of adolescents.
The consumption of alcohol by adolescents is known to have negative effects on their psychological health (ie.g., depression and stress) and physical health [10] . It also causes social problems [2] . Drinking causes conflict between adolescents and their parents, friends, and teachers. It can induce depression, fear, or aggression that can lead to suicide, juvenile delinquency, or crime [11] . It may also induce social deviation in adolescents [12] . In addition, greater alcohol consumption during adolescence is associated with more problems caused by intemperance and alcohol in adulthood [13] . Adolescents are likely to develop alcohol dependence and addiction more rapidly than adults [11] . Furthermore, drinking can act as a gateway drug to other drugs or delinquency in adolescents [14] , hindering their healthy growth and development. It is, therefore, necessary to consider both psychological and physical health of adolescents when studying the effects of drinking. Since adolescents are often exposed to highly stressful situations, it is also necessary to examine factors affecting the association between stress and drinking.
This study involved adolescents younger than 20 years attending middle and high schools who participated in the Sixth National Health and Nutrition Survey (NHNS) in 2013. Their general characteristics and factors related to drinking, physical health, and psychological health were investigated. Relationships among blood pressure, BMI, and stress were also analyzed. Representative sampling was used to obtain findings that might be representative of all adolescents. The aim of this study was to identify factors influencing SBP, BMI, and stress according to Alcohol Use Disorders Identification Test (AUDIT) score group. Concrete objectives of this study were as follows: (1) to measure AUDIT scores in adolescents and identify SBP, BMI, and stress according to AUDIT score group, (2) to determine differences in SBP, BMI, and stress according to general health-related characteristics of adolescents, and (3) to identify the effects of general and health-related characteristics of adolescents on SBP, BMI, and stress according to AUDIT score group. This study distinguished risk groups according to AUDIT scores and constructed SBP, BMI, and stress models. Factors affecting the physical and psychological health of adolescents in relation to drinking were investigated to provide basic data for facilitating health management of adolescents.
MATERIALS AND METHODS

Study Subjects and Data
This study had a descriptive design. Subjects were 535 adolescents younger than 20 years attending middle and high schools who participated in the Sixth NHNS conducted in 2013. The target population of the NHNS is the total Korean population. A two-stage stratified cluster sampling method with first and second extraction units was used. The first extraction unit extracted 576 survey sites based on the first stratification criterion (city or province; neighborhood [dong] , town [eup], or township [myeon], and housing type) while the second stratification unit used criteria of residential area ratio and household education ratio to extract 20 households from sample survey sites using a systematic sampling method. In 2013, 3,840 sample households in 192 national sample sites corresponding to one-third of the sample were selected for the survey.
Study subjects were selected from respondents who answered that they were attending middle and high schools among target population of the Sixth NHNS. The required number of samples was calculated using G*Power version 3.1.2 [15] . Based on an effect size (t) of 3, a significance level (α) of 0.05, and a statistical power (1-β) of 90, the total number of samples required was 470 subjects. Thus, 535 subjects were included in the analysis.
Study tools
General Characteristics of Subjects
General characteristics of subjects analyzed in this study were age, sex, school, BMI, health status, and depression.
Alcohol Use Disorders Identification Test
This study used AUDIT developed by WHO [16] . It consists of 10 questions in three subareas: hazardous alcohol consumption (3 items), alcohol dependence symptoms (3 items), and harmful aspects of alcohol consumption (4 items). Items 1 through 8 were scored on a 5-point scale (0 to 4 points) and items 9 and 10 were scored using three categories (0, 2, and 4 points), with higher summed AUDIT score indicating greater alcohol use disorder. The WHO [16] divides alcohol dependence into four zones based on AUDIT score: Zone 1, scores 0-7 (low-risk alcohol use); Zone II, scores 8-15 (hazardous alcohol use); Zone III, scores 16-19 (bad alcohol use); and Zone IV, score of 20 (harmful alcohol use).
Systolic Blood Pressure
We measured SBP using a standardized manual blood pressure method. The sphygmomanometer was positioned in the middle of the right arm after confirming that the pressure was zero. The right brachial artery was palpated and the middle part of the air pocket was placed over it. Blood pressure was measured after wrapping the pressure band so that the lower part of the pressing band was positioned 3 cm above elbow wrinkles. A binaural stethoscope was used to auscultate Korotkov sounds [17] .
The Center for Disease Control introduced a certification system for blood pressure measurements in 2010. To compensate for errors in measuring blood pressure due to noise, temperature, arm height, arm support, and erroneously selected cuffs, we adjusted the height of the arm relative to that of the heart for each subject using multiple 4-cm-high arm rests before measuring blood pressure. The final SBP was measured as a mean of the second and third measurements.
BMI
BMI of each subject was calculated body weight (kg)/square of height (m 2 ).
Stress
Stress was assessed using a single item asking about the usual level of stress and scored from 1 point ("I rarely feel stress") to 4 points ("I feel a lot of stress") [18] .
Data Collection
Health surveys and screenings of NHNS were conducted at a mobile screening center. Sex, age, subjective health status, education, and economic status were determined in interviews using health questionnaires. Health behaviors related to stress and drinking were investigated by self report. Blood pressure and BMI were measured directly.
Data Analysis
NHNS samples were extracted using a two stage stratified cluster sampling method rather than simple random sampling and they should be analyzed using a method reflecting this complex sampling design.
Population mean
and variance are estimated as follows: Classifications according to subject characteristics and AUDIT score were performed based on frequency, percentage, mean, and standard-error (SE). Main variables in this study (SBP, BMI, and stress) were summarized as mean and SE values. Differences in SBP, BMI, and stress according to characteristics of subjects were analyzed using a composite-sample linear regression model. Subjects were divided into a low-risk group (AUDIT score up to 7 points) and a high risk group (AUDIT score above 7 points). Relationships among SBP, BMI, stress score, and AUDIT score were analyzed using Pearson's correlation. Effects of AUDIT score on SBP, BMI, and stress were analyzed using a composite-sample linear regression model. Significance in statistical testing was set at p<0.05.
RESULTS
General Characteristics of Subjects
Mean age of subjects was 15.20±0.08 years, including 311 (65.8%) who were older than 15 years. There were 268 (51.0%) male students and 286 (48.6%) middle-school students. Their health status was 3.76±0.45. Twenty-five (5.7%), 167 (32.9%), and 43 (61.5%) subjects reported having poor, moderate, and good health, respectively. Their BMI was 21.22 ± 0.19 kg/m 2 overall: 330 (61.4%) subjects had BMI of 18.5-24.9 kg/m 2 while 74 (14.5%) had BMI >25 kg/m 2 .
All adolescents in this study were classified into Zones I and II: 520 (96.6%) subjects were in WHO Zone 1 (lowrisk group) and 56 (10.7%) reported that they felt depressed Table 1 . 
is and residual value of the corresponding floor is . respectively (range, 84-155 mmHg, 14-40 kg/m 2 , and 1-4 points, respectively). SBP, BMI, and stress score in the highrisk group were slightly higher than those in the low-risk group, although differences were not significant.
Differences in SBP, BMI, and stress according to AUDIT score and subject characteristics
Differences in SBP, BMI and stress were analyzed according to general characteristics of low-risk and high-risk groups 
Correlations Among SBP, BMI, and Stress
SBP showed a moderate positive correlation with BMI (r=0.36, p<0.001) in the low-risk group. Other variables showed no significant correlations Table 3 . 
Effects of AUDIT Score on SBP, BMI, and Stress
To identify factors affecting SBP, BMI, and stress as dependent variables, categorical variables that differed significantly among the general characteristics were included as dummy variables. Other dependent variables besides health status and model-dependent variables were entered as continuous variables. A regression model was constructed for each dependent variable using a composite linear model.
Variables affecting SBP in the low risk group were sex and BMI. They also differed in univariate analysis. The explanatory power of the model that combined stress with these two variables was 22.9% (Wald F=35. 28 
, p<0.001).
Variables affecting SBP in the high-risk group were sex and health status that also differed in univariate analysis. However, neither variable had significance in the combined model with BMI and stress. The explanatory power of the model was 28.1% (Wald F=7.31, p<0.001).
Variables affecting BMI in the low risk group were sex and health status that also differed in univariate analysis. In the model that combined SBP and stress, SBP was the only significant variable, with an explanatory power of 16.4% (Wald F=13.91, p<0.001) . Stress was the only significant factor influencing BMI of the high-risk group. Explanatory power of this model was 14.3% (Wald F=4.14, p=0.018).
The variable that affected stress in the low risk group was depression which also differed in univariate analysis. In the model that combined SBP and BMI, depression was a significant variable. Explanatory power of the model was 15.1% (Wald F=16.20, p<0.001) . Depression affected stress in the high-risk group. The model that combined SBP and BMI did not have any significant variable. The model itself was not significant (Wald F=0.81, p=0.489) 
DISCUSSION
This study examined SBP, BMI, and stress level according to AUDIT scores based on the Sixth NHNS conducted in 2013. It investigated how these variables differed according to general health related characteristics by taxonomic group. In the low risk group (AUDIT score ≤ 7), SBP was significantly higher in males when BMI was >18.5 kg/m 2 . This result is consistent with a previous report on sex and obesity being risk factors for hypertension [19] . In the present high-risk group (AUDIT score > 7), SBP was significantly higher when the health status was poor than that when the health status was better than moderate. SBP in the high-risk group was 131.14±6.90 mmHg, higher than the overall SBP of 108.79±0.54 mmHg. The seventh report from the Joint National Committee of the National Institutes of Health defines hypertension as a blood pressure of >140/90 mmHg and a high risk of hypertension of >130/80 mmHg [20] . Considering that the risk of cardiovascular disease reportedly doubles for each increase of 20 mmHg in SBP and 10 mmHg in DBP, for blood pressures of >115/75 mmHg [20] , and that hypertension and ischemic heart disease contribute to 35% and 21% of cerebrovascular diseases, respectively, in Korea [21] , it is necessary to pay attention to blood pressure and cardiovascular disease in subjects with a high risk of alcohol disorder and poor health status. The likelihood of developing hypertension is 2.5-fold higher among adolescents with blood pressure higher than the 90th percentile [22] . The occurrence of hypertension in children and adolescents increases the duration of hypertension in the life cycle and the incidence of complications [22] . Blood pressure should therefore be continuously monitored and managed in high-risk adolescents.
While BMI was found to be high in males and that their self-reported health status was poor in the low risk group, BMI was not related to sex or health status in the high-risk group. Alcohol has a high calorific content. It is less likely to be converted into fat in the body. However, it stimulates appetite, increases food intake, and prevents fat oxidation, thereby increasing the accumulation of body fat. Alcohol may increase the risk of abdominal obesity [4] . Nutritional imbalance due to alcohol intake may also have negative effects on growth such as height and weight [2] . These factors could explain inconsistent relationships of variables in the present study with BMI.
In the low risk group, stress differed significantly only with depression, being high in the presence of depression, consistent with previous findings [10] . In the high-risk group, stress was significantly higher in subjects with BMI <18.5 kg/m 2 than those with BMI ≥ 18.5 kg/m 2 , consistent with a previous report [4] . The stress score was higher in students with depression regardless of their risk of alcohol use disorder.
Classifying and constructing SBP, BMI, and stress models according to AUDIT score revealed that sex and BMI significantly affected SBP in the low risk group, with an explanatory power of 22.9%, consistent with previous studies [23, 24] . In the present high-risk group, the model with sex, health status, BMI, and stress (which differed in the univariate analysis) had an explanatory power of 28.1%. Each variable had no significant effect. Results of this study on the relationship between sex and BMI from the SBP model in the low risk group were consistent with those of previous studies [23, 24] . However, none of these variables had a significant effect in the high-risk group, indicating that alcohol could influence relationships among sex, BMI, and blood pressure. In high-risk individuals, blood pressure may be high even if BMI is not high. This suggests that alcohol is involved in blood-pressure related mechanisms such as sympathetic nervous system, stimulation of renin-angiotensin system and cortisol, and inhibition of vasodilation [25] .
In the low risk group, the explanatory power of the resulting model combining SBP and stress was 16.4%, with SBP being the only significant influencing variable. This result is consistent with previous study [23] showing a positive correlation between blood pressure and BMI. No general characteristics affected BMI in adolescents in the high-risk group. Explanatory power of the model combining SBP and stress was 14.3%. Stress was the only significant influencing variable. Stress did not affect BMI in the low risk group, although higher stress was associated with lower BMI in the high-risk group, indicating that psychological factors such as stress could affect physical factors such as BMI, supporting a previous report [4] .
For the low-risk group, when depression, SBP, and BMI (which differed in the univariate analysis) were entered in the stress model, the explanatory power was 15.1% and depression was a significant influencing variable, consistent with a previous report [10] . In contrast, in the model with depression, SBP or BMI was not significant in the high-risk group. There were no significant influencing variables, suggesting that the relationship between AUDIT score and stress was complex in high-risk individuals showing different characteristics in relation to depression and stress. Higher stress generally makes drinking behaviors more likely as a means of relieving stress [26] . However, the causality of the relationship between drinking behavior and high stress remains unclear [27] . Alcohol is often consumed to relieve stress and avoid reactions as a countermeasure to mitigate and cope with stress [28] . Since the effect of stress and its explanatory power is not very high [29] , it is difficult to see how drinking will relieve stress by itself, consistent with the present study finding that stress has a strong influence on drinking in the high-risk group. This study constructed SBP, BMI, and stress models to investigate factors affecting SBP and BMI known to be closely related to physical health and factors affecting stress (i.e., psychological health). Since alcohol exerts various effects on physical and psychological health, models were constructed by dividing subjects into low and high-risk groups based on AUDIT score. A total of 520 of 535 subjects were in the low-risk group. Significant variables differed in the high risk group, although the model itself was not significant. Fifteen subjects included in that group might have been too few to reveal significant differences. However, significant difference between the low-and high-risk groups in univariate analysis indicated distinctive intergroup characteristics, suggesting that different approaches might be needed for each group.
Since metabolic syndrome and various cardiovascular diseases are no longer confined to adulthood, prevention and management are necessary from the adolescence period [30] . Thus, factors relevant to adolescents need to be identified. Correcting undesirable habits or behaviors in adolescents that are closely related to adulthood can help them develop health-promoting behaviors. This is crucial for their lifelong health. Therefore, it is imperative to develop relevant education and intervention programs. In particular, it is necessary to develop and apply different intervention programs for people with different drinking risks by identifying factors affecting each AUDIT risk group.
CONCLUSION
This study investigated AUDIT scores in adolescents based on NHNS performed in 2013 to determine how SBP, BMI, and stress differed with AUDIT scores. Exploring differences in SBP, BMI, and stress according to general and health related characteristics of subjects revealed that diverse variables affected these parameters. In addition, modeling according to AUDIT score revealed variations in influencing variables. Explanatory power also varied depending on the
